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(1) POLYPROPYLENE RESIN COMPOSITION 
(a) [Abstract] 

[Aim] 

To supply polypropylene resin composition having 

excellent crystallizability and rigidity. 

[Content] 

PP resin is mixed with amide compound, composed of 
polycarboxylic acid (n=3~6) or its anhydride and mono- 
amine, as a modifier. 



[0000] 

[Field of invention] 
[Claim 1] 

Polypropylene resin composition 1, which is characterized 
by containing one or more amide compound represented by 
the formula (1). 
[Structure 1] 



R 1 - (CONH-R 2 ) a (1) 



(wherein R 1 is an aliphatic, alicyclic or aromatic 
polycarboxylic acid residue; R 2 is alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, phenyl, naphthyl. 
[Structure 2-5] 
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R 3 , R 5 , R 6 and R 8 are each alkyl, alkenyl, alkoxy, 
cycloalkyl, phenyl or halogen; R 4 and R 7 are each linear or 
branched alkylene; a is 3 to 6; b and d are each 1 to 5; c 
and e are each 0 to 5; and a R 2 s, b R 3 s, c R 5 s, d R 6 s, and e 
R 8 s are each an independent group.) 

[Detailed description of the invention] 

[0001] 

[Industrial application area] 

The present invention relates to a polypropylene resin 
composition having excellent crystallizability and rigidity. 



[0002] 

[Previous technology] 

Polypropylene polymer has been applied for a wide variety 
of area as a material of film molding, sheet molding, blow 
molding, injection molding, because of its excellent 
processibility, mechanical property, electrical property. 

[0003] 

Although the resin has excellent properties, it has problems 
that the crystallizability and rigidity are low, which result in 
restricting the application at the present situation because of 
difficulty to fulfil the inherent excellent properties in some 
areas. 

[0004] 

Up to the present, several attempts have been made to 
improve the crystallizability and rigidity of polypropylene 
polymer. 

As the method, for example, it is known to add resin 
modifier, such as metal salt of carboxylic acid, metal salt of 
aromatic carboxylic acid, metal salt of phosphoric acid, 
amine salt and metal salt of aliphatic dicarboxylic acid, or 
sorbitol derivative. 

[0005] 

However, these compounds have problems that it is 
insufficient for the effect of modification, the heat 
resistance of the resin modifier itself is low, and it promotes 
the degradation of the resin. 
Thus, it is demanded for further improvement. 

[0006] 

[Subject to solve by the invention] 

An object of the present invention is to solve the above 
mentioned problems in the resin modifier and to provide 
novel and useful polypropylene resin compositions having 
improved crystallizability and rigidity. 

[0007] 

[Method to solve the subject] 

Under the circumstances, the present inventors conducted 
extensive research to solve the above problems, and found 
that contemplated results can be achieved by adding an 
amide compound having a specific structure to a 
polypropylene resin. The present invention has been 
accomplished based on this novel finding. 



[0008] 

Namely, the propylene resin composition of the present 
invention is characterized by containing one or more amide 
compound represented by the formula (1). 
[Structure 6] 



ri- (CONH-R')a ( 1 ) 



(wherein R 1 is an aliphatic, alicyclic or aromatic 
polycarboxylic acid residue; R 2 is alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, phenyl, naphthyl group.) 

Groups presented by the formula 
[Structure 7-10] 
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(R 3 , R 5 , R 6 and R 8 are each alkyl, alkenyl, alkoxy, 
cycloalkyl, phenyl or halogen; R 4 and R 7 are each linear or 
branched alkylene; a is 3 to 6; b and d are each 1 to 5; c 
and e are each 0 to 5; and a R 2 s, b R 3 s, c R 5 s, d R 6 s, and e 
R 8 s are each an independent group.) 

[0009] 

The amide compound of the formula (1) can be easily 
prepared by subjecting a prescribed polycarboxylic acid or 
its anhydride, and one or more monoamine to known 
amidation reactions. 



[0010] 

The polycarboxylic acid of this invention includes aliphatic 
polycarboxylic acid (preferably saturated or unsaturated 
aliphatic polycarboxylic acid having 3-30 carbon atoms), 
alicyclic polycarboxylic acid, and aromatic polycarboxylic 
acid. The polycarboxylic acid can have one or more 
hydroxy, alkyl, alkenyl, and/or acetoxy group as substituent 
group. 

[0011] 

The aliphatic polycarboxylic acid includes citric acid, 
methanetricarboxylic acid, ethanetricarboxylic acid, pro- 
penetricarboxylic acid, camphoronic acid, butane- 
tricarboxylic acid, pentanetricarboxylic acid, hexanetri- 
carboxylic acid, heptanetricarboxylic acid, octanetri- 
carboxylic acid, nonanetricarboxylic acid, decanetri- 
carboxylic acid, acetoxypropane tricarboxylic acid, 
acetoxypentane tricarboxylic acid, acetoxyheptane 
tricarboxylic acid, ethanetetracarboxylic acid, propane- 
tetracarboxylic acid, butanetetracarboxylic acid, 
pentanetetracarboxylic acid, dodecanetetracarboxylic acid, 
pentanepentacarboxylic acid, acetoxypentanepenta car- 
boxylic acid, pentanehexacarboxylic acid, tetradecane- 
hexacarboxylic acid, ethylenediaminetetraacetic acid, 
nitrotriacetic acid, ethyleneglycolbis(P-aminoethylether) 
N,N,N*,N\-tetraacetic acid, diethylenetriaminepentaacetic 
acid, N-hy droxy ethylethylenediamine-N ,N ' ,N' -triacetic 
acid, l,3-diaminopropane-2-ol-N,N,N*,N'-tetraacetic acid, 
l,2-diaminopropane-N,N,N\N , -tetraacetic acid, triethyl- 
enetetraminehexaacetic acid, nitrirotripropionic acid, 1,6- 
hexamethylenediaminetetraacetic acid, N-(2-carboxyethyl) 
iminodiacetic acid and the like. 

[0012] 

The alicyclic polycarboxylic acids includes 
cyclohexanetricarboxylic acid, camphoic acid, trans- 
camphotricarboxylic acid, cyclobutanetetracarboxylic acid, 
cyclopen tanetetrac arb o xy 1 i c acid, cyclohexanetetracar- 
boxylic acid, tetrahydrofurantetracarboxylic acid, 3,4- 
dicarboxy-l,2,3,4-tetrahydro-l-naphthalenesuccinic acid 
(hereinafter briefly referred to as "TDA") which may have 
a lower alkyl group as a substituent (such as a methyl group 
at the 1-, 5-, 6- or 7-position, more preferred Is the 
compound substituted a methyl group at the 1 -position), 5- 
(succinic acid)-3-methyl-3-cyclohexene- 1 ,2-dicarboxylic 
acid (hereinafter briefly referred to as "SMSD"), 
bicyclo[2.2.2]octa-7-ene-2,3.5.6-tetracarboxylic acid, 
cyclohexanehexacarboxylic acid, 5.6,9, 10-tetracarboxy- 
tricyclo[6.2.2.0""]dodeca-2j 1-diene (herein after briefly 
referred to as "PNDA"). which may have a lower alkyl 
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group as a substituent (such as a methyl group at the 3-, 8- 
11- or 12-position, more preferred is the compound 
substituted a methyl group at the 3 position), 1,2- 
cyclohexanediaminetetraacetic acid, 2,3,5-tricarboxycyclo- 
pentylacetic acid, 6-methyl-4-cyclohexene-l,2,3-tricar- 
boxylic acid, 3,5,6-tricarboxynorbornene-2-acetic acid, 
thiobis(norbornene-2,3-dicarboxylic acid), bicyclo[4.2.0]- 
octane-3,4,7,8-tetracarboxylic acid, l,l'-bicyclopropane- 
2,2\3,3 r -tetracarboxylic acid, l,2-bis(2,3-dimethyl-2,3-di- 
carboxycyclobutyl)ethane, pyrazine-2,3,5,6-tetracarboxylic 
acid, tricyclo[4.2.2.0 2,5 ]decane-9-ene-3,4,7,8-tetracarboxy- 
lic acid, 2,3,4,5,6,7,12,13-octahydrophenanthrene-3,4,5,6- 
tetracarboxylic acid, l,3,5-trimethyl-l,3,5-cyclohexanetri- 
carboxylic acid, and the like. 

[0013] 

The aromatic polycarboxylic acid includes benzene- 
tricarboxylic acid, benzenetetracarboxylic acid, benzo- 
phenonetetracarboxylic acid, biphenyltetracarboxylic acid, 
diphenylethertetracarboxylic acid, diphenylsulfonetetra- 
carboxylic acid, diphenylmethanetetracarboxylic acid, 
perylenetetracarboxylic acid, naphthalenetetracarboxylic 
acid, ethyleneglycol-trimellitic acid diester (herein after 
referred to "TMEG"), benzenehexacarboxylic acid, 
glycerine-trimellitic acid triester, (herein after referred to 
"TMTA"), 4,4'-dinaphthalic acid, benzidine-3,3'-dicar- 
boxyl-N,N'-tetraacetic acid, diphenylpropanetetracar- 
boxylic acid, anthracenetetracarboxylic acid, phthalo- 
cyaninetetracarboxylic acid, and so on. 

[0014] 

The monoamine for use in the present invention is aliphatic, 
alicyclic, or aromatic monoamine as follows. 

[0015] 

The aliphatic monoamine includes a linear or branched 
alkylamine having 1 to 18 carbon atoms and a linear or 
branched alkenylamine having 2 to 18 carbon atoms, such 
as methylamine, ethylamine, propylamine, isopropylamine, 
n-butylamine, isobutylamine, secondary butylamine, 
tertiary butylamine, n-amylamine, tertiary amylamine, 
hexylamine, heptylamine, n-octylamine, 2- 
ethylhcxylamine, tertiary octylamine, nonylamine. 
decylamine, undecylamine, dodecylamine, tridecylamine, 
tetradecylamine. pentadecylamine, hexadccylamine, penta- 
decviamine, octadecylamine, octadeccnylamine, allylamine 
and the like. 



[0016] 



The alicyclic monoamine includes cyclopropylamine, 
cyclobutylamine, cyclopentylamine, cyclohexylamine, 
cycloheptyl amine, cyclooctylamine, cyclododecylamine 
and the like, and compounds represented by the formulas 
(2), (3). These compounds have various isomers, which can 
be applicable as long as there is the prescribed effect 



wherein R 9 is an alkyl group having 1 to 18 carbon atoms, 
an alkenyl group having 2 to 18 carbon atoms, an alkoxyl 
group having 1 to 6 carbon atoms, a cycloalkyl group 
having 7 to 8 carbon atoms, phenyl group or a halogen 
atom, and f is an integer of 1 to 5. 



The alicyclic monoamine of the formula (2) includes 
methylcyclohexylamine, ethylcyclohexylamine, propyl- 
cyclohexylamine, isopropylcyclohexylamine, n-butylcyclo- 
hexylamine, sec-butylcyclohexylamine, tert-butylcyclo- 
hexylamine, n-amylcyclohexylamine, tert-amylcyclo- 
hexylamine, hexylcyclohexylamine, heptylcyclohexyl- 
amine, n-octylcyclohexylamine, 2-ethylhexylcyclohexyl- 
amine, tert-octylcyclohexylamine, nonylcyclohexylamine, 
decylcyclohexylamine, octadecenylcyclohexylamine, di- 
methylcyclohexylamine, diethylcyclohexylamine, di- 
propylcyclohexylamine, diisopropylcyclohexylamine, di-n- 
butylcyclohexylamine, di-sec-butylcyclohexylamine, di- 
tert-buty Icy clohexyl amine, di-n-amylcyclohexylamine, di- 
tert-amylcyclohexylamine, dihexylcyclohexylamine, tri- 
methylcyclohexylamine, triethylcyclohexylamine, tri- 
propylcyclohexylamine, triisopropylcyclohexylamine, ui-n- 
butylcyclohexylamine, tri-sec -butylcyclohexylamine, tri- 
tert-butylcyclohexylamine, methoxycyclohexylamine, di- 
ethoxycyclohexylamine, di-n-butoxycyclohexylamine, di- 
sec-butoxycyclohexylamine, di-tert-butoxycyclohexyl- 
amine, chlorocyclohexylamine, dichlorocyclohexylamine, 
bromocyclohexylamine, dibromocyclohexylamine, and the 
like; etc. 



[0017] 




( 2) 



[0018] 



[0019] 
[ftl 2) 



wherein R 10 is a linear- or branched-chain alkylene group 
having 1 to 4 carbon atoms, R 11 has the same meaning as R 9 
in the formula (2), g is an integer of 0 to 5. 

[0020] 

The alicyclic monoamine of the formula (3) includes 
cyclohexanemethylamine, dimetbylcyclohexanemethyl- 
amine, trimethylcyclohexanemethylamine, a-cyclohexyl- 
ethylamine, p-cyclohexylethylamine, a-cyclohexylpropyl- 
amine, p -cyclohexylpropylamine, y-cyclohexylpropyl- 
amine, dimethoxycyclohexylethylamine, dichlorocyclo- 
hexanemethylamine, and the like. 

[0021] 

The aromatic monoamine includes aniline, naphthylamine, 
and compounds represented by the formulas (4) and (5). 

[0022] 

[Structure 13] 

H ' N -$f\^ Rl2 ) * ( 4 ) 



wherein R 12 has the same meaning as R 9 in the formula (2). 
h is an integer of 0 to 5. 

[0023] 

The aromatic monoamine of the formula (4) includes 
methylaniline, ethylaniline, propylaniline, isopropylaniline, 
n-butylaniline, sec-butylaniline, tert-butylaniline, n-amyl- 
aniline, tert-amylaniline, hexylaniline, heptylaniline, n- 
octylaniline, 2-ethylhexylaniline, tert-octylaniline, di- 
methylaniline, diethylaniline, dipropylaniline, diiso- 
propylaniline, di-n-butylaniline, di-sec-butylaniline, di-tert- 
butylaniline, trimethylaniline, triethylaniline, tri- 
propylaniline, aminostyrene, anisidine, dimethoxyaniline, 
diethoxyaniline, cyclohexylaniline, aminodiphenyl, chloro- 
aniline, dichloroaniline, bromoaniline, dibromoaniline, and 
the like. 

[0024] 

[Structure 14] 

[0024] 
Iftl 4] 
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wherein R I? has the same meaning as R 10 in the formula (3), 
R H has the same meaning as R 9 in the formula (2), i is an 
integer of 0 to 5. 

[0025] 

The aromatic monoamine of the formula (5) includes 
benzylamine, dimethylbenzylamine, trimethylbenzylamine, 
Ot-phenylethylamine, P-phenylethylamine, a-phenylpropyl- 
amine, ji-phenylpropylamine, y-phenylpropylamine, di- 
methoxyphenylethylamine, dichlorobenzylamine, and the 
like. 

[0026] 

Among the amide compounds related to the present 
invention, particularly preferred are amide compounds 
prepared by polycarboxylic acid or its acid anhydride 
selected from 1,2,3,4-butane tetracarboxylic acid (herein 
» after briefly referred to as "BTC"), TDA, SMSD, trimesic 

1 acid, tricarballytic acid, 1,3,5-pentanetricarboxylic acid as 

an acid component and alicyclicamine selected from 
cyclohexylamine, 2-methylcyclohexylamine, 3-methyl- 
cyclohexylamine, 4-methylcyclohexylamine, dimethyl- 
cyclohexylamine as an amine component. 

[0027] 

The polypropylene resin for use in the present invention is a 
polymer predominantly comprising propylene. Examples 
thereof include a propylene homopolymer, a random or 
blockcopolymer comprising propylene and other a-olefins 
(for example, butene-1, pentene-1, 4-methylpentene-l, 
hexene-1 and like), and vinyl acetate, or, a blend polymer 
comprising the above-mentioned polypropylene resin and a 
small proportion of a thermoplastic resin (for example, high 
j density polyethylene, polybutene, poly-4-methylpentene 

/' and like). Especially, the amide compounds for use in the 

present invention show significant effect of the addition on 
the propylene homopolymer, propylene-ethylene blockco- 
polymer resin. 

[0028] 

The catalyst which can be used for the production of such 
polymers includes not only Ziegler-Natta catalyst which is 
commonly employed but also a combination catalyst, such 
as one wherein a transition metal compound (e.g. titanium 
halides such as titanium trichloride, titanium tetrachloride, 
etc.) supported on a support composed mainly of 
magnesium halidc. such as magnesium chloride, is 
combined with an alkylaluminium compound (e.g. 
triethylaluminium. dicthylaluminium chloride, etc.). 
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[0029] 

The melt flow rate (hereinafter referred to briefly as 
"MFR"; measured in accordance with JIS K 6758-1981) of 
the polypropylene resin component can be appropriately 
selected according to the molding method to be employed, 
and is generally about 0.1 to 200 g/10 min. and preferably 
about 0.5 to 100 g/min. 

[0030] 

The amount of the amide compounds for use in the present 
invention can be appropriately selected without restricting 
as long as there is the prescribed effect, and generally is 
about 0.001 to 5, preferably about 0.01 to 2 part by weight, 
relative to 100 parts by weight of the polypropylene resin. 
If the proportion of the amide compound is less than 0.001 
part by weight, the effect of modifier would not be 
obtained, while the use of the amide compound in excess of 
5 parts by weight is not rewarded with a commensurate 
effect. The both cases are unpractical and uneconomical, 
thus are not preferred. 

[0031] 

To the resin composition of the present invention, the 
following material can be added in the range which does 
not adversely affect the effects of the invention. The 
compounds include stabilizers (epoxy compounds or the 
like), antioxidants (phenol compounds, phosphorous ester 
compounds or the like), antibacterial agents, ultraviolet 
absorbers (benzophenone compounds, benzotriazole 
compounds or the like), thermostabilizers, light stabilizers 
(hindered amine compounds or the like), neutralizers, 
antistatic agents, antiblocking agents, heavy metal 
inactivation agents, flame retardants, lubricants (metal salts 
of higher fatty acids), dispersants, peroxides (organic 
peroxides), organic-inorganic pigments, fillers (talc, 
hydrotalcite, mica, zeolite, pearlite, silicate clay, calcium 
carbonate* glass fibers, and the like), foaming agents, 
elastomers, processing aids, nucleate agents, and the like. 

[0032] 

The polypropylene resin composition thus obtained is 
excellent in processing, toughness, and transparency. 

[0033] 

The polypropylene resin composition of the present 
invention is prepared by mixing the prescribed components 
in a conventionally known mixer (Henschel mixer, ribbon 
blender, or the like) and melting and kneading the mixture 
with a single- or twin-screw extruder or the like. The 
obtained resin composition can be advantageously used as a 



10 



resin material for films, sheets, small bottle, syringe, 
ordinary utensils, automotive parts, containers, parts for 
electrical appliances, nonwoven fabrics and the like, and is 
molded by a method suitable for the intended product, such 
as injection molding, extrusion molding, blow molding, or 
the like. 

[0034] 
[Examples] 

The following examples and comparative examples 
illustrate the present invention in further detail. The 
crystallization temperature and the modulus of bending 
elasticity were measured in the following manners. 

[0035] 

Preparation of resin composition. 

To 100 parts by weight of prescribed polypropylene resin 
was added prescribed amounts of amide compound. The 
mixture was milled in a Henschel mixer and kneaded in a 
20 mm-diameter single screw extruder to obtain pellets. 

[0036] 

Measurement of crystallization temperature. 
The pellets obtained by the above-mentioned procedure 
were molded by a pressing machine, giving a 0.5 mm-thick 
sheet. The crystallization temperature of the sheet was 
measured in accordance with JIS K 7121. 

[0037] 

Measurement of modulus of bending elasticity: 

The pellets obtained were injection-molded, giving a 4 mm 

testing* piece. 

The modulus of bending elasticity of the testing piece was 
measured in accordance with JIS K 7203. The velocity of 
bending is 10 mm/min. 

[0038] 

Examples 1-66 

A 0.2 part by weight of prescribed amide compound was 
added to 100 parts by weight of propylene-ethylene block 
copolymer (MFR = 2 g/10 min, herein after briefly referred 
to as "resin 1"). The crystallization temperature and the 
modulus of bending elasticity of the resin composition 
prepared were measured, the results of which are shown in 
tables 1-3. 
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[0039] 

Comparative Example 1 

The crystallization temperature and the modulus of bending 
elasticity of resin 1 itself were measured and shown in table 
3. 

[0040] 

Examples 67 - 74 

A 0.2 part by weight of each of the amide compounds 
shown in table 2 was added to 100 parts by weight of a 
propylene homopolymer powder (MFR = 14 g/10 min, 
herein after briefly referred to as "resin 2"). The 
crystallization temperature and the modulus of bending 
elasticity of the resin prepared were measured and shown in 
table 4. 

[0041] 

Comparative Example 2 

The crystallization temperature and the modulus of bonding 
elasticity of resin 2 itself were measured and shown in table 
4. 

[0042] 

Examples 75 - 82 

A 0,2 part by weight of each of the amide compounds 
shown in table 3 was added to 100 parts by weight of a 
propylene-ethylene random copolymer powder (MFR = 14 
g/10 min, herein after briefly referred to as "resin 3"). The 
crystallization temperature and the modulus of bonding 
elasticity of the resin prepared were measured and shown in 
table 5. 

[0043] 

Comparative Example 3 

The crystallization temperature and the modulus of bending 
elasticity of resin 3 itself were measured and shown in table 
5. 



[0044] 

[Effect of invention] 

The addition of the amide compound according to invention 
to polypropylene resin can produce a polypropylene resin 
composition, which has high crystallization temperature 
and improved modulus of bending elasticity. 
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